Abstract This study was undertaken to determine whether 2-(3,4-dichlorophenoxy)-triethylamine (DCPTA) improve plant growth of Cd-exposed hemp (Cannabis sativa L.) plants. The results showed that exposure of plants to 50 mg Cd kg −1 soil resulted in an increase in the shoot and root biomass, as well as the root/shoot ratio. These results confirmed that hemp is a Cd-tolerance plant species, and it is possible to culture hemp in Cd contaminated farmlands for bioenergy production. Single application of 10-50 mg L -1 DCPTA increased biomass production in hemp seedlings. When DCPTA and Cd were used simultaneously, they increased the root biomass in a dose-dependent manner. Moreover, DCPTA application caused an increase in root Cd content and the total Cd in the root, and there is a positive correlation between biomass and Cd accumulation in the root.
Introduction
Cadmium (Cd) is a widespread toxic heavy metal that usually causes deleterious effects in living organisms. Soil pollution with Cd is especially serious when they are used for crop cultivation, since Cd is easily taken up by plant roots and enters into the food chain, threatening human and animal health [1] . Therefore, how to reduce Cd risks has been an important issue for environment scientists.
There are several options available to reduce Cd risks to human health. One is to immobilization or extraction by physicochemical techniques, which are highly effective and clear-cutting but too expensive [2] . Although phytoremediation has been considered as a novel remediation technique that is low-cost and environment-friendly compared with the traditional ways, its application is still very limited due to low biomass of hyperaccumulators, unavailability of the suitable plant species and unprofitable production during remediation [3] .
Hemp (Cannabis sativa L.) is a multiple-use plant, widely employed in many types of non-food industries and providing raw materials for the production of natural fiber, insulating board, rope, oil, varnish and paper [4] . It has been recently considered as an energy crop, from which the biomass used as fuel, or the seed oil for bio-diesel production [5] . Several studies indicated that hemp is a metal-tolerant organism, and the amount of Cd accumulated in its shoot was not negligible [6] [7] [8] . In this regard, we have postulated a new strategy of cultivating hemp plants in Cd-contaminated soils for bioenergy production, and this can be combined with long-term gradual attenuation of the contaminants.
The 2-(3,4-dichlorophenoxy)-triethylamine (DCPTA), a group of plant growth regulators, have been demonstrated to increase productivity in several plants, such as soybean [9] , cotton [10] , tomato [11] and eggplant [12] . Foliar application of DCPTA significantly increased the taproot development, leaf development, and the photosynthetic productivity of sugar beet [13] . In this context, we hypothesized that DCPTA might confer resistance to plants against Cd stresses. The purpose of this study was to test the hypothesis that hemp might be a good candidate for bioenergy production in Cd-contaminated soils, and DCPTA might improve growth in Cd-exposed hemp plants.
Materials and methods
Experimental set-up. Two runs of the pot experiment were carried out in a growth chamber in the year 2010 and 2011 respectively. (2) Statistical analysis. Data obtained from two runs of the experiment were subjected to a two-way analysis of variance (ANOVA) using SPSS Version 13.0 software (SPSS Inc., USA), where DCPTA and Cd treatment were modeled as fixed factors, with their interaction (Cd × DCPTA).
Results and discussion
Plant growth. Growth inhibition and reduction of biomass production are general responses of higher plants to Cd toxicity [15] . Thus, the growth rate and biomass have been widely used to evaluate metal toxicity to plants. Controversially, the present work showed that long-term growth with 25 and 50 mg kg -1 Cd produced an increase in the shoot and root biomass in hemp plants (Fig.  1 ). This phenomenon, termed as hormesis effect, have been observed previously in the same species [3] . By contrast, the increase of root biomass (138.6%) under 50 mg Cd kg -1 soil condition was more pronounced than that of shoot biomass (21.7%), thus leading to a dramatic increase in the root/shoot ratio (Fig. 1) . The shoot height remained unaffected. The present data, in accordance to the previous studies [6] [7] [8] , suggest that hemp is a Cd-tolerance plant species, which can cope with high external concentrations of Cd without showing any visible toxicity symptom. DCPTA applied alone caused a dose-dependent enhancement in the growth of hemp plants, measured as dry biomass of roots and shoots (Fig. 1) . In comparison to the control, application with 10 and 50 mg L -1 DCPTA promoted biomass accumulation in shoot and root, whereas in 100 mg L -1 DCPTA, they were not affected. Similar results have been reported by several authors [10] [11] [12] [13] .
One of the interesting findings of the present study is that, foliar application of DCPTA to Cd-exposed hemp seedlings resulted in an additive effect in root growth. This was depended on both DCPTA and Cd concentrations. When the plants were exposed to 25 mg kg -1 Cd soils, the root biomass and the root/shoot ratio were significantly enhanced by 10 and 50 mg L -1 DCPTA, while at 50 mg kg -1 Cd treatment, they were increased by 50 and 100 mg L -1 DCPTA (Fig. 1 ). There were significant Cd × DCPTA interactions on the shoot biomass (p<0.001) and the root/shoot ratio (p<0.05). Cd accumulation and distribution. The shoot Cd content and total Cd accumulated in shoot by plants were similar in different Cd and DCPTA treatments (p＞0.05), as outlined in Table 1 . However, the root Cd content showed a tendency of increment with the increasing of soil Cd concentrations, resulting in an enhancement of the total Cd in the root, and a decrease of translocation factors (TFs) ( Table 1) .
It has been suggested that plants can be intoxicated when soil total Cd concentration is greater than 8 mg kg -1 , or soluble (bioavailable) Cd concentration is more than 0.001 mg kg -1 , or tissue Cd concentration reaches 3-10 mg kg -1 DW [16] . In the present study, the Cd content in the shoot and root of hemp plants was more than 19 and 184 mg kg -1 respectively ( Table 1 ). The soil total Cd concentrations applied here were 25 and 50 mg kg -1 . Such a dose is far higher than doses commonly encountered, even in heavily polluted farmland soils. According to Li et al. [17] , the mean Cd concentration in the 0-20cm soil layer in Zhangshi irrigation area (Shenyang, China, ceased in 1992) is still 1.75 mg kg -1 and the highest Cd value is up to 10 mg kg -1 in some sampling points. The obtained result suggest that it is possible to culture hemp in Cd contaminated farmlands for bioenergy production. It is well known that some plants, namely excluders, can grow in heavy metal polluted soils without accumulating significant quantities. In this study, most of Cd absorbed by plant was retained in the root, although the capacity to accumulate this metal depends on the Cd concentration in the soil. The TFs were only ranged from 0.048 to 0.105 (Table 1) , showing a strong limitation of Cd translocation from the root to shoot. Therefore, hemp can be considered as a Cd excluder, which is unsuitable for phytoextraction alone. Despite this, the total Cd in shoot were ranged from 13.5 to 15.0 μg plant -1 DW in 25-d-old seedlings. Such amount of Cd accumulated in shoot may not be negligible, since hemp is a high biomass species with a rapid development [6] , especially in the practice of combination phytoextraction with bioenergy production.
Interestingly, foliar application of DCPTA caused an increase in root Cd content and the total Cd in the root; this was found to be a dose-dependent, and it was also depending on Cd levels the plants subjected. By contrast, DCPTA-induced Cd accumulation in the root was more pronounced in 50 mg kg -1 Cd soils than in 25 mg kg -1 Cd soils ( Table 1 ). The shoot Cd contents were not affected by DCPTA application ( Table 1 ). The effect of DCPTA on Cd accumulation is most probably indirect (since DCPTA is supplied by foliar spraying). Possible causes of DCPTA-stimulated Cd accumulation in roots include: a) stimulation of root growth, thus lead to an increase of absorption area; b) activation of some divalent cation transporter capable of bind Cd, and c) enhanced Cd ion immobilization in the root intercellular spaces or in the vacuole.
More importantly, the present study showed that there is a positive correlation between biomass and Cd accumulation in the root (p<0.001) (Fig. 2) . This finding is surely inconsistent with the results from other studies [18, 19] , where the biomass decreased with the increasing of Cd accumulation. The reason may be that the root Cd content is lower than the critical content which caused an inhibition of root biomass production, and there is a hormesis effect existed in Cd and plant interactions. In a sand culture experiment, Shi et al. [3] found that the root biomass was similar to control even the Cd content reached 1, 115 mg kg -1 at 25 mg kg -1 Cd treatment. 
Summary
In conclusion, hemp is a Cd-tolerance plant species, and it is possible to culture hemp in Cd contaminated farmlands for bioenergy production. DCPTA without Cd increases biomass production in dose-dependent manner. DCPTA with Cd resulted in an increase biomass production and Cd accumulation in the root of hemp. However, DCPTA does not improve shoot growth in Cd-exposed hemp plants.
